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Introduction
How does knowledge spur economic growth? The theories of endogenous growth use the informational characteristics of knowledge as introduced by Arrow (1962) to explain endogenous growth trajectories (Romer, 1986; Lucas, 1988) . According to these theories, it is the generation of knowledge that spurs growth and such knowledge is partially appropriable as it spills over into the hands of third parties that in turn use it to generate new knowledge and useful ideas.
Although endogenous growth theories have predicted general patterns of growth, they fail in explaining the several "paradoxes" that are currently crowding decision-makers'
agendas. In fact, some scholars have contended that it is not investment in knowledge per se that spurs growth and thus competitiveness; rather, the critical facet of the economic relevance of knowledge is the commercialization of the results that knowledge produces (Acs et al., 2009; Audretsch and Keilbach, 2008; Braunerhjelm et al., 2010) . These authors posit the existence of a "knowledge filter" between investment in new knowledge and its economic exploitation. Such a filter results from the inherent peculiarities of knowledge, as opposed to information itself. Knowledge generating activities produce uncertain economic results that are associated with high degrees of asymmetries between inventors and potential exploiters.
High uncertainty and high asymmetries result in high transaction costs among economic agents (Audretsch, 2007) .
These characteristics become even more evident when knowledge is generated in academic laboratories. A strand of literature in the sociology and economics of science fields stresses that the incentive system in place within the academic community would rarely lead scientists to produce findings of immediate industrial application (Dasgupta and David, 1994; Merton, 1973; Stephan, 1996) . The recent involvement of universities in technological development has in fact shown that whenever academic findings display potential technological applications, they are at an early stage of development and tend to serve a variety of industrial purposes (Colyvas et al., 2002; Jensen and Thursby, 2001; Piergiovanni and Santarelli, 2001 ).
In such a context, entrepreneurship is seen as the main mechanism that ensures both the flow of radical technological change into the economy and the economic exploitation of the knowledge (Audtretsch, 1995; Klepper and Sleeper, 2005; Schumpeter, 1934) . Schumpeter (1934) was the first to identify a mechanism, that he named "creative destruction", through which new and independent ventures bear the main responsibilities in the process of economic growth through innovation. The main rationale underlying this argument is that large players would oversee promising ventures because of being locked into existing products and production processes (Christensen, 1997; Hill and Rothearmel, 2003; Spulber, 2010) .
In this study we test the hypothesis that entrepreneurship represents an effective mechanism to transform academic knowledge into economic growth. Specifically, we evaluate three outputs of academic activities: teaching, research, and Intellectual Property The study is organized as follows: Section 2 gives an overview of the existing literature on the importance of academic activities for economic growth and the relevance of new ventures in appropriating and exploiting economically academic outputs; Section 3 introduces the estimation strategy and describes the variables used in this work; Section 4 presents and discusses the estimation results; and Section 5 summarizes the main results in the paper.
Universities, Entry and Growth

Universities and Economic Growth
The role of modern higher education institutions (universities henceforth) in the economic performance of firms, sectors, regions and countries can be approached from different perspectives.
Modern universities evolved from the medieval model in which they served as repositories of knowledge and wisdom, with the preservation and transfer of existing knowledge as their main goal. They were organized like guilds, where masters taught small groups of students. Although in the late 18 th century their mission was extended to educate civil servants to fill the administrative ranks of the newly formed European states, it was not until the mid-19 th century that universities embraced a second mandate of institutionalizing the pursuit of scientific research through rational inquiry and experimentation. Universities then became an important source of academically trained graduates and scientific knowledge to meet the needs of industrial sectors emerging from the second industrial revolution. The two activities of teaching and performing basic research have been complemented by the more recent entrepreneurial activities of universities. Universities are no longer only suppliers of knowledge-intensive outputs such as students and research papers as they also proactively engage in research collaborations with private parties through licensing, sponsored research and new venture creations (Etzkowitz and Leyersdorf, 1998) . Whereas the first transition in universities saw the emergence of new organizational forms such as research laboratories, the latter transition is resulting in the creation of technology transfer offices, university-industry research centers and incubators.
1
Education is the oldest contribution of academic activities to economic growth. It is usually associated with the formation of higher levels of human capital, viz. the development and refinement of specific individual knowledge and capabilities. The increase in human capital enables individuals to perform higher value-added tasks more efficiently and quickly, which translates in higher productivity of labour and capital (Becker, 1964; Barro, 1991; Lucas, 1988) . Moreover, students may act as important channels through which knowledge is transmitted to the industry. For instance, several studies (including Nelson and Wright, 1992; Murnmann, 2003) show that students represent a critical conduit of the latest techniques and theoretical know-how from academic laboratories to the corporate ones in the chemical, mining and pharmaceutical industries. Also in the case of biotechnology, firm performance has been driven by the supply of highly skilled graduates in life sciences, as opposed to direct
Research and Development (R&D) expenditures, which has eased both the adoption of new process technologies and the commercialization of new products (Patel et al., 2006) . Finally, and more remarkable for the purpose of the present study, the share of adult population with tertiary education has been shown by Sterlacchini (2008) to be the most effective factor enhancing the growth of GDP per capita recorded during the period 1995-2002 in the regions belonging to twelve EU countries.
Universities are also the most prominent producers of fundamental knowledge, which has been argued to be one of the main drivers of economic growth. The theories of endogenous growth built upon the informational characteristics of knowledge as introduced by Arrow (1962) suggest that the generation of knowledge would enhance the production of 1 University involvement in a region is not by definition a guarantee for success. University initiatives may for example tend to follow in stead of cause vibrant high-technology clusters. Breznitz (2011) describes how constant one-sided changes in technology transfer policy and organization have had a negative effect on Cambridge University's ability to commercialize technology. more efficient processes and products and hence spur growth (Romer, 1986 (Romer, , 1990 . However, scholars in the economics of technical change field have long focused their attention only on R&D activities performed in corporate laboratories to explain technology-driven growth.
Indeed, knowledge produced in academic laboratories is of a somewhat different nature than corporate R&D. Academic scientists pursue research goals that are informed by their personal curiosity and by the reward system in the academic community which is based on peer recognition rather than on monetary compensations (Merton, 1973) . Hence it is not surprising that academic findings rarely have immediate industrial applications. Rather, they expand the theoretical pool of knowledge upon which technical advances of commercial value can be built (Fleming and Sorenson, 2004) . Adams (1990) shows that between 1949 and 1983 it took around 20 years for scientific advancements to be absorbed and exploited by industries and ultimately lead to productivity growth. The time lag of academic knowledge to result in economic gains has shortened in the last three decades. Three stylized facts highlight this convergence between science and technology: a) the higher productivity of corporate R&D led by the increasing pervasiveness of scientific approaches in corporate R&D as opposed to trial-and-error methods (Arora and Gambardella, 1994) ; b) the rise of new science-based sectors in which the innovation process depends mostly on developments arising from academic R&D, i.e. ICT and biotechnology, as key sectors in industrialized countries (Orsenigo, 2003; Zucker et al, 1998a; Pisano, 2006) ; and c) the increasing involvement of universities in commercialization activities such as sponsored research, technology licensing and equity positions in academic spinoffs (Shane, 2004; Henderson et al., 1998; Fini et al., 2009 ). Yet, the interest in the role of academic R&D as driver of growth drew largely on the examples of ICT and biotech in California and Massachusetts, which host some of the most prolific scientific universities worldwide (Saxenian, 1994) .
The link between the quality of research outputs and the likelihood of generating technologically useful knowledge has received empirical support from a burgeoning body of literature in the field of technology transfer. Highly productive scientists engage in technological developments: they manage contractual agreements with industrial partners, engage in consulting relationships and fund companies (Agarwal and Henderson, 2002; Azoulay et al., 2009; Zucker et al., 1998b) . Despite academic quality, the extent to which academia supports commercialization activities plays a role. Faculty in universities that openly oppose any involvement in commercialization activities might exert little if any influence on the transfer of academic knowledge (Owen-Smith and Powell, 2001 incumbents to make efficient use of resources (Baumol et al., 1988) , limit the effectiveness of anticompetitive behaviours and foster incumbents' innovativeness (Geroski and Jaquemin, 1984) . Moreover, new entrants have been found to be a major mechanism of new markets creation through the commercialization of radical innovations (Audretsch, 1995; Prusa and Schmitz, 1991) . Accordingly, new ventures seem to be fitter than incumbents in exploiting knowledge which is characterized by high uncertainty and high information asymmetries. inherently high when the technology to be traded is characterized by uncertainty about economic results and information asymmetries between the parties involved in the transaction (Arora and Gambardella, 2010 ). Yet, entrepreneurs, often former employees of incumbent firms, are expected to have lower opportunity costs and higher expectations about returns from commercialization of new knowledge than incumbent firms themselves 3 . Hence they are more prone to start up new companies to commercialize the new knowledge that the latter have created. Examples of empirical regional studies showing that entrepreneurial activity is important for knowledge flows and exploitation include Audretsch and Lehmann (2005) and Mueller (2006 Mueller ( , 2007 , each using German data.
Academic knowledge shares most of the economic features of radical knowledge from corporate laboratories in that its applications are far from evident. According to the existing literature in the economics and management of technology transfer field, technologies created by academics are mainly at an early stage of development, general in purpose, characterized
by high uncertainty about their actual applications and demand further development efforts from the buyers and inventors to be commercialized (Colyvas et al., 2002; Jensen and Thursby, 2001; Jensen et al., 2003) . Although incumbents might possess the necessary capacity to absorb external knowledge (Cohen and Levinthal, 1990) , idiosyncratic investments can restrict the range of acquirable knowledge. Hence, the same mechanisms that bring incumbents to oversee radical opportunities from corporate laboratories are expected to lead to underexploited academic knowledge. Evidence on the critical role of new ventures in exploiting radical academic technologies is supported by the early evolution of the electronics and biotechnology industries (Bania et al., 1993; Zucker et al. 1998a ).
The Italian case
Regions may constitute a very useful unit of analysis for investigating the impact of the presence of university outputs and the rate of new entry of firms. The first can be seen as a measure for the 'academic climate' and the latter as a measure for the 'entrepreneurial climate'.
We are interested whether one of the two or both simultaneously are important to promote economic growth. In this study we focus on Italian provinces, a sub-regional level of 
Estimation Strategy: Methods, Variables and Data
Methods
In order to test the hypothesis that newly established ventures are critical in the conversion of academic knowledge into economic growth, we propose the following models that we estimate for 99 Italian provinces (NUTS3) 4 , indexed by i, between 2001 and 2006 (index t):
We model growth in the province as a function of business entry in the same year and of the set of academic outputs described in Section 2. The measures of business entry and academic outputs are interacted to capture the contribution to growth of new ventures via the exploitation of the academic knowledge-base in the province. The set of variables Z controls for additional factors that can contribute to economic growth and will be detailed later in this section. Measures of university outputs are lagged by k years. The value of k varies according to the type of activity (details in section 3.2).
The treatment of units of analysis with spatial attributes presents some estimation challenges (Anselin, 1988; Glaeser and Kerr, 2009 (2003), we extend the model (1) to account for spatial interdependence and additionally estimate the following two models:
where W is a 99x99 weighting matrix, which is calculated as 1, if two provinces share a border, and 0 otherwise. Model (1) can be estimated using least squares techniques, while models (2) and (3) are estimated using maximum likelihood. Italian provinces may not suffer/benefit from strong spatial interdependence, because they have a capital city that is usually the main economic engine for the province and is in the majority of cases located in the center of the territory. In addition, we incorporate provincial dummies (fixed effects) into the models (1)- (3) which may take away commonalities in the error term or dependent variable of adjacent provinces. Nevertheless, we investigate the magnitude of the possible estimation bias due to spatial interdependence either in the error term or dependent variable.
Variables and Data
We employ two measures of economic growth. The first one is related to the so-called restricted industry (manufacturing, mining, and energy) in the province and is measured as the relative rate of growth of value added in the restricted industry:
The second variable reflects the overall economic performance of a province and is calculated as the relative rate of growth of value added per province:
We measure entry rate differently for the two specifications. In the model for the restricted The two specifications of gross rate of entry (Manu_E (i,t) and E (i,t) ) are used to accommodate for the direct short-run impact of the entrepreneurial activities carried out in the province on economic growth. We also account for the share of new businesses in innovative industries to allow for potential growth premia stemming from high-technology initiatives, namely businesses driven by 'opportunity' rather than 'necessity'. reports the number of graduates from each university, the faculty, the location of the teaching activities and whether the students attained vocational education. We retrieved data on graduates and assigned them to the location of the faculty which issued the degree, as during the last two decades a number of academic institutions have decentralized teaching activities towards adjacent provinces with the aim of meeting the local demand for education (Piergiovanni et al., 2011) .
The second measure of academic output is related to scientific research (Publications i,t-2 ). It is constructed as the number of internationally recognized scientific productions in Science and Technology fields at t-1 divided by the number of graduates at t-2. The lags are chosen to reflect that it may take one year for scientific papers to be published. We use the 5 We follow the sectors aggregation used by EUROSTAT. Although four classifications are proposedhigh, medium high, medium-low and low tech -we grouped the first two in high-tech and the remaining in lowtech.
number of graduates in Science and Technology as benchmark because personnel in universities is mostly hired according to teaching needs; hence, Publications provides an indirect measure of the intensity of the scientific activities at Italian universities. Moreover, the scientific productivity of the academic personnel may represent a crude proxy for the quality of the knowledge produced in academic laboratories. Due to data constrains, we cannot use longer lags than two years, as statistics for graduates are available only as from 1998 on. The implications for growth are not so clear. Scientific productivity has been found to be a good predictor of technological solutions as theoretical advancements might either improve existing technologies or require new ones to tackle new scientific challenges (Fleming and Sorenson, 2004; Franzoni, 2007 ). Yet, empirical evidence points at longer time frames than two years to appreciate the impact of scientific knowledge on productivity gains (Adams, 1990) . For academic knowledge to translate in economic growth it needs to be brought to the marketplace. We hence interact Publications and market entry to control for the diffusion of scientific knowledge via new ventures. We expect new ventures to introduce solutions of greater economic impact as compared to established companies. Data about scientific production was retrieved from the "Web of Knowledge", a database administered by the Institute for Scientific Information (ISI). We report all articles with at least one author affiliated to Italian universities. Data were then aggregated at provincial level, when necessary.
Thirdly, the direct involvement of universities in technological activity is included (IPRs i,t-4 ). Given the limited extent of the direct involvement by universities in IPR-related issues, it can hardly have a substantial effect on growth. However, technological activities at academic laboratories may indicate the orientation of academic research towards industrial applications and the propensity to collaborate with external partners. This can become beneficial for established companies and new ventures which may not encounter institutional frictions. As patenting is an occasional activity at universities, hence subject to high disturbances in the short run, IPRs is obtained as the annual average of the number of national patent applications from universities in the previous four years over the average number of scientific articles in the same years. This long time frame is justified by the long time lag with which patents are cited (Czarnitzki et al, 2011; Sampat et al., 2003) . We interact IPRs and entry to assess the effects of entrepreneurial policies by universities towards technology development on the economic contributions of new ventures. Information about university patenting was obtained from Patjunkie, a web-based patent search engine realized by the Bologna University based research group IRIS 7 . We are aware that this measure is strongly biased downward as Italian academic professors tend to leave ownership of their inventions to companies (Lissoni et al., 2008) . However, the main focus of our analysis is to account for the orientation of university policies towards commercialization.
We control for the provincial industrial structure as it can affect the growth rate of local economies and the extent to which agglomeration economies emerge. We use three measures to account for industrial composition and innovativeness of the regional (provincial)
economies. Due to data constraints, as a proxy of the presence of manufacturing (ISS) in the province we use the share of the labor force in the whole restricted industry sector (source:
ISTAT). Furthermore, the ability of the secondary sector to absorb and exploit knowledge ultimately depends on its current innovative performance (Cohen and Levinthal, 1990) . We control for the degree of innovativeness of the industrial sector (PAT_ISS). This measure is defined as the number of national patents granted per 1000 employees in the restricted industry sector and it is lagged by one year (source: UMBI). A widespread presence of the business services sector indicates the existence of agglomeration economies due to diversification. We include for this purpose the share of workforce employed in the business services sector (Business_Services). Finally, we control for the heterogeneity of productivity and income across Italian provinces by incorporating the logarithm of the one-year lagged level of value added per capita (L_VAPC) and we include the one-period lagged dependent variable (∆VA_ISS (i,t-1) or ∆VA (i,t-1) ). 8 All controls are lagged by one year. The inclusion of a lagged dependent variable in a fixed effects model may give rise to biases, especially for the effect of the lagged dependent variable. However, since the dependent variable is a change and we are not interested in the coefficient for the lagged dependent variables, the biases should be minimal. See also Bun and Carree (2005) . Table 3 shows the spatial dependence of the variables, both in their original form and 'within'
(taken into deviation of the province mean over time). We report the Moran's I test (Moran, 1950 ) to measure spatial dependence, which is calculated as follows:
where x is the column vector of the variable of interest, µ is the mean of x and W is the weighting matrix. The first columns of the We do not observe spatial dependence in the case of value added growth across all sectors.
This result may not be surprising for two reasons. Firstly, the service sector covers almost three quarters of the Italian GDP (ISTAT, 2009) and services tend to serve local markets.
Secondly, the spatial peculiarity of Italian provinces (with the dominant capital city), minimizes the existence of inter-provincial productivity gains. Table 4 reports the results from the fixed effect estimations of the growth equations in the restricted industry sector (Equations (1)- (3)). Table 5 reports the fixed effect estimation outputs of the growth equations for the whole economy. The first part of both tables illustrates the estimates for the basic model; the right side of the table adds the interactions of the measures of academic activities with business entry. The models for economic growth in the restricted industry have weaker explanatory power than the models for total economic growth.
The regressions for value added growth across all sectors show a better goodness of fit (Rsquared around 58%) versus that for value added growth in the restricted industry (R-squared around 23%). As expected, the growth rate of value added in the restricted industry shows significant spatial interdependencies. Furthermore, a log-likelihood test indicates a higher explanatory power of SAR as compared to SEM at the 10% confidence level. Finally, a LR test rejects the existence of spatial dependence in Table 5 . Although we present all estimations for the sake of completeness, we will only discuss the findings of the FE-W SAR for the value added growth in the restricted industry (Table 4 ) and the estimates of the FE-W for the growth in value added for all sectors (Table 5) .
Economic Growth in the Restricted Industry Sector
The results in table 4 indicate that productivity gains have spatial interdependencies in the context of the restricted industry. The coefficients associated with the spatially lagged dependent variables and spatial error component are both significant, as expected from the Moran's I test in table 3. The measures of new business formations have a negative effect on the growth of value added. In the first place, business entry shows negative effects on the rate of growth of value added, although nonsignificant. Furthermore, the share of new businesses in the high-tech sector is negatively and significantly correlated with our growth measure.
These findings contradict the existing evidence on the direct effects of entry on economic growth in the short-run (Fritsch and Mueller, 2008) , which predicts an immediate positive impact of entry on economic growth. The results can have two interpretations. Firstly, entry in the restricted industry in Italian provinces might be mainly driven by necessity, rather than opportunity. This interpretation is barely plausible as necessity entrepreneurship is mainly observable through lower exit rates (Santarelli et al, 2009 ). Secondly, the indirect effects of entry might prevail over the direct ones. New ventures push inefficient existing capacities out of the market and are responsible for market turbulence. This explanation seems to be the most reasonable as high shares of high-tech ventures may be responsible for a process of sectoral transformation. Table 5 reports the results for the total growth rate of value added at the provincial level. We will mention here only the differences with the estimates found for the restricted industry. Significance at the 1%, 5%, and 10% level is indicated by ***, **, and *, respectively. Standard errors, reported below coefficients, are robust to heteroskedasticity and clustered around provinces. Year dummies are included in each model.
Overall Economic Growth
Entry in manufacturing and services at first does not show any significant impact on economic growth. Yet, contrary to what we observed for the restricted industry, it turns significant with positive implications for growth when it is interacted with measures of academic outputs. There is not any sign of growth premia from entry in knowledge-intensive sectors, the latter being still in a process of consolidation in large parts of the country (Quatraro, 2009) . Large increases in the fractions of graduates in science and technology disciplines are associated with decreases in the growth rate of value added. Two possible reasons can account for this finding. The first reason is that rather than capturing the presence of human capital in the local economy, which has possible implications from the supply side of the economy, our measure of educational mandate of universities highlights the consequences accruing from the demand side: large fractions of graduates indicate large presences of students, with low spending power. The second reason is that the increases in the number of graduates reflect recent changes in education policies that followed the implementation of the so-called Bologna Process. Universities have decentralized part of their teaching activities in provinces with poor economic performances to meet the local demand for higher education. Yet, the economic results of this delocalization policy have proven to be rather unsatisfactory (Piergiovanni et al., 2011) . If the output of teaching activities is controversial in terms of economic performance, the coefficient for the production of Malva et al., 2007) . Thus, policies that institutionalize the commercial exploitation of academic technologies appear to reduce the costs of access to university labs to newly formed ventures. Patenting, which was found to significantly accelerate value added growth in restricted industry, does not affect total value added growth in the provinces. On the contrary, the growth in the workforce in the business services sector has a positive and significant influence on the rate of growth of value added. The two outcomes are mainly explained by the decreasing relevance of manufacturing activities as the tertiary sector, which does not make use of patents, represents the largest share of the whole economy (ISTAT, 2009). Provinces with higher than average value added per capita, mostly located in the more developed North and Center of the country, grow at a faster rate. This result indicates that the economic divide between the developed areas of the country and the South has increased during the period of analysis.
Concluding Remarks
In the transformation to a knowledge based economy, universities stand as key players as they are a vital locus of knowledge production. Yet, for knowledge to contribute to economic growth, it needs to spill from academic institutions over to the economy in the form of new entrepreneurial ventures. By using spatial econometric techniques, this work has tested the hypothesis that new business entrants are critical in the economic exploitation of academic knowledge and its contribution to economic growth. This hypothesis has been derived from the theoretical framework proposed by Acs et al. (2009) and Braunerhjelm et al. (2010) , which extend traditional models of endogenous growth by accounting for knowledge transmission channels. According to the authors, new business entrants are critical conduits of radical knowledge, like academic knowledge, into economic outcomes as they face lower opportunity costs than incumbent firms when confronted with radical opportunities.
We have measured the contribution of three main outputs of academic mandates, namely teaching, research and technological development, to the rate of growth in value findings fail to hold when we limit our analysis to value added growth in the restricted industry, for which the presence of high entry rates as such turns out to be detrimental.
To conclude, our findings suggest that neither entrepreneurship as such nor academic knowledge alone contribute to sustained economic growth in the case of Italian provinces. It is only when entrepreneurship is combined with access to scientific knowledge and universities are prone to collaborate with external parties that their ventures may significantly stimulate growth. Thereby, new ventures appear to be effective conduits of scientific knowledge into economic outcomes.
